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*RUDQ 9XþNRYLü0LUQD*DYUDQ0DMD *UHJLü 3HUR0LMLü 5DQNR
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ZHUH H[DPLQHG LQ WZR SLJ KHUGV DQG IRU WKUHH FRQVHFXWLYH \HDUV 7KH VWXG\





\HDU %DVHG RQ WKH REWDLQHG UHVXOWV LW ZDV GHWHUPLQHG WKDW WKH JHQRW\SH KDG D
VWDWLVWLFDOO\VLJQLILFDQWHIIHFW3RQ%)7%)7DQG0/'ZKLOHWKH$(7
DQG/'*WUDLWVZHUHQRWLQIOXHQFHG3!&RQVLGHULQJWKHIDUPDVDVRXUFHRI
YDULDWLRQ RI JLOWV¶ WUDLWV LW ZDV FRQFOXGHG WKDW LW KDG D VWDWLVWLFDOO\ YHU\ KLJKO\
VLJQLILFDQW HIIHFW RQ WKH WUDLWV WHVWHG 3 7KH \HDU RI WHVWLQJ RI JLOWV DV D
VRXUFH RI YDULDWLRQ VKRZHG D YHU\ KLJK VWDWLVWLFDO HIIHFW 3  RQ DOO WUDLWV
H[DPLQHG7KHVLUHEUHHGVWDWLVWLFDOO\KLJKO\3 OHG WR WKHYDULDWLRQRI WKH
H[DPLQHGWUDLWVZKLFKZDVDOVRWKHFDVHZLWKWKHLQIOXHQFHRIWKHVLUHVZLWKLQWKH









SLJ SURGXFWLRQ 6HOHFWLRQ EDVHG RQ SHUIRUPDQFH WHVW UHVXOWV OHDGV WR LQFUHDVH LQ
HFRQRPLFDOO\LPSRUWDQWWUDLWVOLIHJDLQEDFNIDW WKLFNQHVV0/'GHSWKE\
SHU \HDU 6FKLQNHO  7KH DLP RI VHOHFWLRQ RQ IDUPV LV WR LPSURYH WKH




SHUIRUPLQJ D SHUIRUPDQFH WHVW IRU WKHVH WUDLWV E\ PHDVXULQJ ZHLJKW ZKLOH WKH
WKLFNQHVVRIEDFNIDWLVPHDVXUHGE\DQXOWUDVRXQGDSSDUDWXV 
7KH DYHUDJH EDFNIDW WKLFNQHVV YDOXHV  DQG PHDVXUHG E\ WKH3,*/2*
 DSSDUDWXV   ZHUH PP DQG PP UHVSHFWLYHO\
WKHVHUHVXOWVZHUHREWDLQHGDWDQDYHUDJHERG\ZHLJKWDWWKHHQGRIWKHWHVWRI












.HUQHURYi HW DO  1RZDFKRZLF] HW DO  6]\QGOHU
ZKR DUH QRW LQ FRQFRUGDQFHDJUHHPHQW RQ WKH LQIOXHQFHRI
WKHVHIDFWRUV RQWKHLQGLYLGXDOWUDLWVH[DPLQHG
0DWHULDODQG0HWKRGV










:KLWH /: DQG  JLOWV RI 'XURF ' EUHHG ,Q WKH ILUVW \HDU  JLOWV ZHUH
WHVWHGLQWKHVHFRQGDQGLQWKHWKLUGJLOWV
'DWD SURFHVVLQJZDV SHUIRUPHG XVLQJ WKH DSSURSULDWH FRPSXWHU SURJUDP
DFFRUGLQJ WR WKH SURFHGXUH RI WKH /HDVW 6TXDUHV 0HWKRG /60/0: DQG
0,;0'/+DUYH\  LQ RUGHU WR GHWHUPLQH WKH VLJQLILFDQFH 3 RI
V\VWHPDWLFLQIOXHQFHVRQWKHDJHDWWKHHQGRIWKHWHVWWKHOLIHGDLO\JDLQWKHEDFN




<LMNP )L*M 5N E ;±  LMNP
ZKHUH<LMNOP H[SUHVVLRQRIWUDLWLQP LQGLYLGXDODQLPDOL IDUPM WHVW\HDURIN
JHQRW\SH    JHQHUDO SRSXODWLRQ DYHUDJH )   IDUP *   \HDU RI WHVWLQJ 5  
DQLPDOJHQRW\SHE  OLQHDUUHJUHVVLRQHIIHFWRIERG\ZHLJKWDWWKHHQGRIWKHWHVW
L   VXEVFULSW IRU IDUP L    M   VXEVFULSW IRU WHVW \HDU ]D
JRGLQX WHVWLUDQMDM  N  VXEVFULSW IRUDQLPDOJHQRW\SHN  P  
VXEVFULSWIRURIIVSULQJ
0RGHO
<MNP  5M2NME ;±  MNP
ZKHUH<LMNOP H[SUHVVLRQRI WUDLW LQP LQGLYLGXDODQLPDO M VLUHEUHHGRIN VLUH
ZLWKLQM EUHHG JHQHUDOSRSXODWLRQDYHUDJH5 VLUHEUHHG2 VLUHVZLWKLQD
EUHHGE  OLQHDUUHJUHVVLRQHIIHFWRIERG\ZHLJKWDWWKHHQGRIWKHWHVW
HUURUM  VXEVFULSWIRUVLUHEUHHGM  N  VXEVFULSWIRUVLUHVZLWKLQM EUHHG
P  VXEVFULSWIRURIIVSULQJ
5HVXOWVDQG'LVFXVVLRQ
$OO WUDLWV WHVWHGZHUH UHGXFHG WR WKH VDPHZHLJKW DW WKH HQGRI WKH WHVWDW
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
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0/'EDFNPXVFOHGHSWK




YDOXH IRU WKLV WUDLWZDV UHFRUGHG LQGDXJKWHUVRI VLUHQXPEHU PP7KH
GLIIHUHQFHEHWZHHQWKHPLQLPXPDQGPD[LPXPYDOXHVIRU%)7LVPP7KH
QXPEHU  GDXJKWHU
V GDXJKWHUV DUH FORVHVW WR WKH DYHUDJH IRU %)7 ZLWKLQ WKH
/DQGUDFH EUHHG$VZLWK%)7 WKH ORZHVW%)7KDYH GDXJKWHUV RI VLUH  
PP DQG WKH KLJKHVW RI VLUH  PPZLWK WKH GLIIHUHQFH EHWZHHQ WKH WZR
YDOXHV EHLQJ  PP 7KH FORVHVW WR WKH DYHUDJH IRU WKH %)7 WUDLW DUH WKH
GHVFHQGDQWVRIVLUHQXPEHU7KHDYHUDJHGHSWKRIWKH0/'LVPPZLWKD
YDULDWLRQIURPWRPP
:LWKLQ WKH/:VLUHEUHHG WKHROGHVWDUH WKHRIIVSULQJRI VLUHQXPEHU
 GD\VZKLOH WKH \RXQJHVW WKH RIIVSULQJ RI VLUH QXPEHU   GD\V
'DXJKWHUV RI VLUH QXPEHU  KDYH WKH ORZHVW %)7  PP DQG WKH KLJKHVW
GDXJKWHUVRI VLUHQXPEHU WKHGLIIHUHQFHEHWZHHQEHLQJPP7KH ORZHVW
GHSWKRI WKH0/' LV UHFRUGHG LQ GDXJKWHUVRI VLUH QXPEHU  DQG WKH JUHDWHVW LQ
GDXJKWHUVRIVLUHWKHGLIIHUHQFHEHWZHHQWKHPEHLQJPP7KHGHSWKRIWKH
EDFNPXVFOHRIWKHGDXJKWHURIVLUHQXPEHULVFORVHVWWRWKHDYHUDJHYDOXHRIWKLV
WUDLW IRU WKH VLUH EUHHG /::KHQ VHOHFWLQJ WHVWHG JLOWV DV IXUWKHU FDQGLGDWHV IRU
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7DEOH  VKRZV WKH YDULDWLRQV RI WKH H[DPLQHG WUDLWV RI WKH GDXJKWHUV RI
'XURFVLUHV7KHORZHVWYDOXHIRU%)7KDYHWKHGDXJKWHUVRIVLUHQXPEHUDQG
WKH KLJKHVW GDXJKWHUV RI VLUH QXPEHU ZLWK D GLIIHUHQFH EHWZHHQ WKHP RI 
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WKH\ FRPSOHWHG WKH WHVW ZLWK DQ DYHUDJH RI  GD\V DQGZHUH E\  GD\V
ROGHUWKDQDQLPDOVRQIDUP%)7DQG%)7LQFUHDVHGRQIDUPE\PPDQG
PP UHVSHFWLYHO\FRPSDUHG WR IDUP ,WZDV IRXQG WKDW IDUPDQLPDOVKDG
ORZHU EDFN PXVFOH GHSWK E\  PP FRPSDUHG WR DQLPDOV WHVWHG RQ IDUP 
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 $(7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8VLQJPRGHO  LW ZDV IRXQG WKDW IDUP DQG \HDU VWDWLVWLFDOO\ VLJQLILFDQWO\
LQIOXHQFHG 3 DQG 3  WKH H[SUHVVLRQ RI WKH WHVWHG WUDLWV 7KH JLOW
JHQRW\SH VWDWLVWLFDOO\ VLJQLILFDQWO\ 3 DQG 3 DIIHFWV %)7 EDFN IDW
WKLFNQHVV%)7 EDFNIDWWKLFNQHVV0/' EDFNPXVFOHGHSWKZKLOHWKHWUDLWV





IRXQG $OVR KDYH IRXQG WKDW JLOW JHQRW\SH DQG DJH KDG D




REWDLQHG DUH LQ DJUHHPHQW ZLWK WKH VWXG\ RI WKDW WKH
SURGXFWLRQ SHUIRUPDQFH WUDLWV RI WKH JLOWV WHVWHG YDULHG XQGHU WKH LQIOXHQFH RI WKH
VLUHV$OVR WKH VWDWLVWLFDO VLJQLILFDQFHRI WKH LQIOXHQFHRI VLUHVZLWKLQ6/DQG/:
EUHHGVZDVDOVRGHWHUPLQHGDVFRQILUPHGE\
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